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SUMMARY

An investigationwasconductedtoexplorethecharacteristicsof
metal- hydrocarbonccmibustion,to determinetheeffectoffuel-air
ratioonthecombustionefficiency,andto determinehowthemetaland
hydrocarbo?iseparatelycontributeto theover-allcombustionof several
slurries.MIL-F-5624gradeJP-3fuelandslurriesofmagnesiumand
boroninJT’-3fuelwereinvestigated.

Theconhustionefficiency(ratioofenergyreleasedto energy
availableby completecmibustion)ofmagnesiumpuwdersin slurrieswas

K unaffectedby oxygendepletionasfuel-airratiowasincreasedabove
stoichiometricto an equivalenceratioof1.6,whereastheccmibustion
efficiencyofthehydrocarbondeclinedrapidly.Thisindicatedthatu themagnesiumburnsfirstandthehydrocarbonreactionyieldsincreasing
amountsof incompleteconibustionproducts.Thiseffectdidnotappear
intheboronslurrieswheretheoxygendeficiencyintherichregion
wasreflectedin incompleteccmimstionofboththeboronand
hydrocarbon.

Therelativechangesintheconibustionefficienciesofthemetal
andthehydrocarbonwithequivalenceratioineffectchangedtheratio
ofmetalto slurrythatwasutilizedinthecofiustion(effectivemetal
fraction).Fortherangeoftheexperimentaldatatheeffectivemetal
fractionwashigheratrichmixturesthanat lean-~esj theeffective
heatingvalueperpoundofairwascorrespondinglyhigherlatherich
region.

Theheatreleasedbyconibustionprpoundofairofallthefuels
wasincreasedoverthevaluesatequivalenceratioof 1.0by increasing
thefuel-airratioabovestoichiometric.

“

INTRODUCTION

. The useofmetal- hydrocarbonslurriesas fuelsin Jet-engine
propulsionsystemshasbeenthestiJectofanalyticalandexperimental
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investigationsat theNACALewislaboratory.As a resultofthese
investigations,substantialWprovementsinairspecificimpulsehave .
beenrealizedinanexperimentalafterburnerby theadditionofmag-

.—

nesiumpowderto conventionalhydrocarbonfuel(reference1). Itwas
alsofoundthatcombustionstabilitywasimprovedby themetalpowder.

Thehigherairspecificimpulseofthemetal- hydrocarbonslurry M
Eoverthehydrocarbonaloneis duepartlytothehigherheatof combus- U

tionperpoundofairoftheslurrywhencomparedwiththehydrocarbon
atthesameequivalenceratio.References2 to 4 reporttheresultsof
analyticalinvestigationsinwhichtheequationsof chemicalequilibrium
weresolvedforthecompositionandtemperatureofthecombustionprod-
uctsof octene-1,andmixturesofaluminum,magnesium,andboronin
octene-1whenburnedinair. Valuesoftheoreticalairspecificimpulse
at stoichiometricfuel-airratioforocteneandtheslurrieswerecom-
putedandshowntobe higherforeachoftheslurriesthanforthe
hydrocarbon.

Inthepresentinvestigationthecharacteristicsofmetal-
hydrocarboncombustionwereexploredto determinetheeffectoffuel-air
ratioon combustionefficiencyandto determinehowthemetalandhydro-
carbonseparatelycontributetotheover-allcombustion.A slurrywas
atomizedandburnedina 2-inchburner.A samplingprobecollected
gaseousandsolidcombustionproducts.Thecompositionofthessmples
wasdeterminedby chemicalanalysis.Thefuel-airratio,combustion
efficiency,effectivemetalfraction,andheatreleasedby combustion
werecomputedfromthecompositionofthecombustionproductsofthe
followingfuels:MIL-F-5624gradeW-3 andslurriesofboronandmag-
nesiuminJP-3fuel.

SYMmLs

Thefollowingsymbolsareusedinthisreport:

CoZ/co molecularweightratioofC02toCO

f fuel-airweightratiodeterminedby
ofairandfuel

f’ fuel-airweightratiodeterminedly
combustionproducts

H/C hydrogen-carbonweightratio

whenCOburnstoC02

flowratemeasurement
.—

ssmplingandanalyzing

*

(@J)eff effectivehydrogen-carbonweightratio

hc heatof combustionof carbonto
(Btu/lbcarbon)

%0 heatofcombustionof carbonto

M

carbondioxide

carbonmonoxide(Btu/lbCO)
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%02.

%IC

%4
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‘c

‘co

WC02

w‘Coz

d ‘HCfia

‘HCfifu

Wo
%
WIH20

wMt

‘Mfia

‘Mfif

(w&f 1eff

‘Jwmox

Ws

T(-J

heatof combustionof carbonto carbondioxide(Btu/lbC02)

heatofconimstionofhydroc~bon(lowervalue)
(18,700Btu/lhhydrocarbon)

heatofconhstionofhydrogentowater(lowervalue)
(Btu/lb~0)

heatof conibustionofmetaltometaloxide(Btulbmetal)
/(Mgnesium,10,813Btu/lbjboron,23,281BtuIt))

heatreleasedby conibustion(experimental)(Btu/lbair)

weightof solidcarbonin ctiustionsamplel-

weightof csrbonmonoxideincombustionssmple1

weightof carbondioxidein combustionsemple1

weightofcsrbondioxideformd by catalfiicconimstionof
hydrocarbonresidues in conibustion samplel

hydrocarbon-airweightratio

hydrocarbonweightfractionof slurryfuel

weightofwaterin conibustionssmplel

weightofwaterformedby catalyticcombustionofhydro-
carbonresiduesim conibustionssmplel

weightof uncofii.nedmetalin ccaibustionssmple1

metal-airweigh%ratio

metalweightfractionof slurryfuel

effective

moleculsr

weightof

metalweightfractionofslurryfuel

weightratioofmetalto itsoxide

solids conibustionsampleL

conibustionefficiencyof carbon

s %!hecotiustionssmplewasthetotalofgasandsolidsdrawnthroughthe
ssmrplingprobe.
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11~ conibustionefficiencyofhydrogen

‘HC conibustionefficiencyofhydrocarbon

%
conibustionefficiencyofmetal

fY over-allequivalenceratio

APPARA!IWSANDPROCEDURE

Theslurryburnerandexhaustsenrplingapparatusareshowninfig-

ure1. Theburnerconsistedofa $-inchinsidediametertube20 inches

long. A tubelinerwithan outsidediameterof l;inches,a thictiess
of1/16inch,andlengthof2 inchesandmountedattheinletpovideda
smallprimaryzonethroughwhichtheatomizedfuelwasintroduced.
Secondaryairwasintroducedasan annularstreanalongtheburnerwall.
Thesecondary-airinletwasabout1 inchfromtheburnerentrance.

Theslurrywasatomizedandin~ectedintotheburnerwitha con-
ventionalpaintspray@u’ofthetypethatpressurizesthefluid.The *
spraynozzlewassealedtotheburnerentrance.The.flowrateofthe
fuelwassetbya valveonthespraygunandwasmeasured%y weighing
thespraygunbeforeandaftera timedtest-runflowinterval. P

Theflowrateoftheairenteringtheburnerwasmeasuredwitha
rotameter.Theairflowwasadjustedto givean inlet-airvelocityof

.-

22feetpersecond.

Theburnerwasignitedby openingthesealbetweenthegunandthe
burnerandholdinganacetylenetorchtotheopening.

Thessmpling-probeasseniolyconsistedofa l/4-inchoutsidediam-
etercoppert~e encasedina waterjacket.Theouterwallofthejacket
wascoveredwithasbestosinsulation.Thel/4-inchcoppertubewas
connectedtoa solidssmplingtubewhichwaspackedwithglasswoolto
collectthemetaloxide,uiburnedmetal,andcarbonparticles.The
assemblywasmountedsoit couldbe swungintothepathoftheflame,
as indicatedinfigure1. A rubberstoppersealedtheopeningofthe
probe.Itwasheldinplaceby atmosphericpressurewhenthesampling
a~atus wasevacuated.As theprobemovedtowardthecenterofthe
burnerexit,thestopperwasbrushedoffby theedgeoftheburner,thus
permittingtheexhaustgasesandsolidstobe.drawnin. .-.—

A 30-gallonvacuumtankwasevacuatedby thevacuumpumptoabout
1 inchofmercuryabsolute.Thevalvebetweenpumpandtankwasclosed

M

whilea samplewastaken.Thepressureinthetankwasmeasuredwith
a mercurymanometer.
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Thee-ust-gassamplewascollectedin

5

thegassamplingixibeas
k f01.lows: Bothvalvesonthegassampl~ tubewereopenwhenthesam-

P~ began,thedownstr= valvewasclosedafteraboutzo secondsof
“Q burneroperation,andthentheupstreamvalvewasclosedafterthepres-

sureinthesamplingtubehadrisento atmospheric.
;
* A coilofcopperttiingpackedinpowdereddryiceservedtoremove

themoisturefromthegasesenteringthevacuumtank. Theto-l flow
intotheprobeduringthesamplingperiodwascomputedfromthepressure
riseinthevacu~ tankandgascompositiondata.

Descriptionoffuels.- Testsweremadewiththefollowingslurries
andthehydrocarboncarrieralone:

(1)50percentby weightfinemagnesiuminJP-3fuel(spherical
particles,66micronsaverage&lam.onweightbasis)

(2)50percentby weightsuperfinemagnesiuminJ!?-3fuel(~pheri-
calparticles~24micronsaveragediau.onweightbasis)

(3)50percentby weightsuperfinemagnesiuminiR-3fuelplus
0.8percentgellingagent

(4)30percentby weightcrystallineboroninJP-3fuel(particle
sizereportedby manufactureras lessthan1 micron,man-
ufacturedbyelectrol.@icprocess)

(5)30percentby weightamorphousboronassumed86percentpure
inJP-3fuel(particlesize,21micronaveragediam.on
weightbasismanufacturedby magnesiumreductionmethod)

(6)U-F-5624 gradeJP-3fuel

Theparticlesizedistributionsofthesupertinemagnesium,finemag-
nesium,andamorphousboronpowdersaregiveninfigure2.

Themagnesiumandcrystallineboronpowderscontaineda negligible
fractionof impurities.Theamorphousboronwasreportedby thesup-
plierto contatiapproximately14percentinertmaterial.Thematerial
wasanalyzedattheLewislaboratoryanda substitiallylowermetal
contentthanwasindicatedby thesupplierwasfound.Thedifferenceis
apparentlydueto differencesinanalyticalprocedureandthemethods
usedforaccountingforotherunconibinedmetals.Theresultspresented

* inthisinvestigationwerebasedontheassumptionthatthesupplier’s
reportof 86percentboronyrity and14percentinert-terialwas
correct.

.
TheJP-3fuelconformed

I

to specificationMIL-F-5624.
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Theadditiveinslurrynuuiber(3)consistedof 75percentaluminum
octoate,22.5percentturpentine,and2.5p&rcentmagnesiumstearate.
Thisadditiveservedtothickenandstabilizetheslurry(reducedthe
tendencyforthepowderto settleoutoftheliquid).

A morecompletedescriptionanddiscussionofthemagnesiumand N
amorphousboronpowders,theJT-3fuel,andtheadditivearegivenin

-l!reference5.

Thequantityofthecombustionsamplereferredto insubsequent
definitionsincludesalltheccmibustionproductsdrawnthroughthesam- -.

plingprobe.It iscomputedfromthecompositionofthegasesinthe
samplet~e andthepressureriseinthevacuumtank,andtheweightof
thesolidssample.

By analysisofthesolidsandgassanrplestheweightsofthefol-
lowingconstituentsoftheccmibustionsampleweredetermined:N2,C02,
CO,~0, totalsolids,carbon,unccmibinedmetal,andC02andH20formed
by catalyticcombustionof unburnedhydrocarbonsinthessmple. . .

Theanalysisofthegaseousproductswasdeterminedwithan Orsat
apparatusequippedwitha catalyticheaterforthecombustionofhy&o-
carbonresidues.Thenitridesinthesolidssampleswerefoundtobe

T

lessthan0.1percentandwereneglected.No carbonateswerefoundin
thesolids. “

Themount of uncombinedmagnesiuminthesolidssamplesof
magnesium-slurryconibustionproductswasdeterminedby introducingan
acidsolutionintothefiltertubeandmeasuringthevolumeofthe
hydrogenthatwasevolved.Thesolidsssmplingtubewasweighedbefore
thesampling,washedwithdistilledwateraftertheacidtreatment,
dried,andweighedagain.Thegaininweightwastakenas solidcarbon.

Theamountofuncotiinedboroninthesolidssanplesofboron-
slurrycombustionproductswasdeterminedby weighingthesolidssam-
plingtubebeforethessmpling,runninghotwaterthroughitafterthe
samplinggntilalltheboronoxidewasleachedout,dryingthetubein
a furnace,andthenweighingitagain.The_@ininweightwastakenas
unconibinedboron.Fromvisualobservationitwasdeterminedthatno
solidcarbonwaspresentintheboron-slurrycodmstionproducts.

computations.- Thecombustionefficienciesreportedhereinarenot
baseduponchemicalequilibriumoftheproductsofconibustioninsasmuch
as dataarenotavailableforthevariousspeciesinvolved.Instead, .
100-percentcombustionefficiencyassumesthecomponents(ifpresent)
oxidizeasfollows: .
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. H2 to H20

c to C02

Mg toMgo

B to B203

Thecotiustionefficiencyofthemetalisdefined

[
w~ - (w~l+Wcu+

%= p, - (wM,+ Q] w:’+w~,
x

Appropriatecorrectionsweremadewherethemetalfuel
impurities.

a8

containedinert

Theccmibustionefficiencyofthehydrocarbonisdefinedas
d

WC02X %02 +wcox~o+w ox
% %0

u 7HC=
!% + W’C02%02 +Wco ~o %02 ‘~H20 +

Theconibustion
definedas

Theconibustion
definedas

.

efficiencyofthehydrogenin

‘H20‘hH20
‘H= W%o +W’%o ‘H20

7

)W’H20‘H20‘wfJ%

thehydrocarbonis

efficiencyofthecarboninthehydrocarbonis

‘C02x‘C02 ‘Wco
X hco

( C02
WC02+Wco co )—+ W’C024202+WC%

Coribustionefficienciessodefinedarein substantialagreement
withtheconventionalccmibustionefficiencyat andbelowan equivalence.
ratioofunity.At equivalenceratioshigher
efficienciesdonotaccountfordeficiencyof
basedonlyon theutilizationoffuel.

thanone,thecombustion
oxygenastheyare



8 “ JJQNFmENTU

Theheatreleasedby conibustionperpound
ah ratioswasfoundby

Q= f’ (WfifX ~MX ~ + wHc/wf

REsums

NACARME52B01

ofairatvariousfuel-

X VHCX h~)

Eval.uationofsamplingmethod.- A comparisonofthefuel-airratio
determinedby inletairandfuelflow f andthefuel-airratiodeter-
minedby exhaustproductsanalysisf‘ is showninfigures3(a)to 3(f).
ThedashedlineineachfigurerepresentstheIdeal.Itis seenthat
the f’ pointsaverageabout25percentbelowthecorrespondingf.
Theslurryatcmizimgnozzleusedforthesetestsexperiencedpsrtial
cloggingastherunprogressed.Onlytheslurryflawwasreduced,the
airflowremainedconstant;thusthemixturetendedtobecomeleaner
withthe. Thes~le wasalways*en duringthelatterpartofthe
testrunand f wasanaveragevaluefortheentirerun;hence,the
nonuniformityofflowwouldbe expectedto introducea differenceh the
valuesof f and f’ inthedirectionindicatedinfigure3.

Fromfigure3(f)itis seenthatwithJ7?-3fuelalonethefuel-alr
ratiosdeterminedby analysisme alsolowerthanthosedeterminedby
flowratemeasurement,butthedifferenceis smallerthanwiththe
slurries.Allthesamplesweretakenatthecenteroftheburnerexit.
Itisprobablethata radialdeviationoffuel-airratiosexistedinthe
burner.

i

.

i’

B

Themetsl-hydrocarbonratioasfoundby combustionproductsanalysis
is shownh theplotsofmetal-airratioW@a againsthydrocarbon-afi
ratioWHfi/Wainfigures4(a)to4(e). Thedashedlineineachfigure
representsthemetal- hydrocarbonweightratiousedinmakingtheslurry.

Withfewexceptionsthemetal- hydrocarbonratioas foundby analy-
siswaslowerthanthatusedtomaketheslurry.Apossibleexplanation
forthediscrepancyisthatthequantityofsolidproductsinthe
etiauststresmwasreducedby theamountofoxidewhichadheredtothe
burnerwallsandthenflakedoffinagglomerationsthatweretoolarge
to enterthessmplingprobe.Oxideparticlesaslargeas1/2inchwere
observedintheburnerexhauststream.

Combustionefficiency.- Theeffectof.fuel-airratio f! sud
equivalenceratiocp ontheCCmIbUSti.011d?fiCi.e12CyOf tie IJ.Idd-TM md

.

thehydrocarbon~HC ineachoftheslurriesisshowninfigures5(a}
to 5(e). Iufigure5(f)thecmbustionefficiencyofJ3?-3fuelaloneis

.

shownalongwiththeseparateconibustionefficienciesofthehydrogen
andcarbon. —
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In orderto showhowthecombustionefficiencyvalues are modified
by takingintoaccounttheeffectof oxygendeficiency,a curveof com-
bustionefficiencyofthehydrocarbonintherichregioncomputedby the

definitionq =
+
Q f’
‘HC~

when ~>1 is includedinfigure5(f).The

denominatorlqc/cpistheheatrele~sedbyccmibustionwhen

N
1+
E

(1)Alltheo~gen iSconsumed

(2) Thecompositionof thecombustionproducts(excludingnitrogen
andunburnedfuel)isthesaneas thatresultingfromcom-
pletecombustionof a stoichiometricmixture.

Thefollowingeffectsarenoted: t

(1)Combustionefficiencyofthemetalcomponentandconibustion
efficiencyofthehydrocarboncomponentarehigherfor50percentsuper-
finemagnesium(averageparticlesize,24microns)thanthefinemag-
nesium(averageparticlesize,66microns).

(2)Theadditionof0.8percentgellingagentusedtoreducethe
d settlingtendencyofthe50-percent-superfine-magnesiumslurryreduced

thecotiustionefficiencyofthehydrocarbon.

. (3)Thecombustionefficiencyofthemagnesiumcomponentwas
unaffectedby oxygendepletionas thefuel-airratiowasincreasedabove
stoichiometricup to thelimitsofthedataatan equivalenceratioof
1.6. Therapiddeclineofthecombustionefficiencyofthehydrocarbon
componentintherichregionindicatesthatthemagnesiumburnsfirst
andthehydrocarbonreactionyieldsincreasingamountsof incomplete
combustionproductsas thefuel-airratiois increased.Thiseffectwas
notsubstantiatedforthe”boronslurries(figs.5(d)and5(e)),where
theoxygendeficiencyintherichregionwasreflectedinconibustion
efficienciesthatwerereducedsimilarlyfortheboronandhydrocarbon.

(4) The crystallineboronhada highercbnibustionefficiencythan
thesznorphousboronoverthe”entirerangeof equivalenceratiotested.

(5)Thecombustionefficiencyof theboroncomponentinthe
crystalline-boronslurryhada highercombustionefficiencythanthe
hydrocarbon,butthecombustionefficiencyof theboroncomponentofthe
smorphous-boronslurryhada lowercombustionefficiencythanthehydro-
carbon.

.
(6)At equivalenceratiosricherthanO.8thecombustionefficiency

of theJP-3fuelalonedecreasedwithincreasingequivalenceratio.The.
combustionefficiencyof thehydrogenisconsistentlyhigherthanthe
carbonforthissamersngeof equivalenceratios.
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A comparisonofthecombustionefficiencyoftheJP-3fuelineach
ofthefuelsis showninfigure6. When P isgreaterthan1,thecom- .

bustionefficiencyvaluesarelimitedby theoxygendeficiency.A
curveofa referenceefficiency,for~Y fuelco~onegt+SbasedOnthe.
assumptionsthat

(1)Alltheoxygenisconsumed
N*~

(2)Thecompositionofthecombustionproducts(excludingnitrogen
andunburnedfuel)isthesameasforcompletecombustionof
a stoichiometricmixture.

Thecurvewascomputedfromtherelation .

and

vr=l.00 when P<l -.

where ~r isthereferenceefficiency.A plotoftheserelationsis
showninfigure6. -v

Theratioofthe ~HC to qr givesthec~ve
+
‘f’ infig-
~~ T

ure5(f).At equivalenceratioslessthan0.8,thecombustionefficien- G

tiesofJP-3fuelwasapproximatelythesamefor,allthe”fuelsinvesti-
—

gated.At equivalenceratioshigherthan0.8,thecombustion,efficiency
oftheJP-3fuelwaslowerforthefuels containingmagnesium.

Effective.metalweightfraction.- Therelativechangeincombus-
tionefficiencyofthemetalandthehydrocarboriwithequivalenceratio
ineffectchangedtheratioofmetalto s@rrythatwasutilizedinthe

--

combustion.Theeffectivemetal-to-fuelratioiSdeffie~~“” “ ‘-. —

(Wtiwf)eff‘-
~ xw~wf —

~Mxw~wf + ~Hcx‘HC/wf

Figures7(a)and7(b)showthatforther=ge oftheewer~ntal data
theeffectivemetalfractionof SO-percent-superfinemagnesiumand
30-percentcrystalline-boronslurrieswashigherIntherichthanin
thelesmregions.Sincetheeffectivemetalfractionat richmixtures

—

ishigher,theeffectiveheatingvalueperpoundofairiscorrespond-
—

●

inglyincreased.Theeffectiveheatingval.ue:wotidconceivablyreacha
maximumatan equivalenceratiowherethe-metalconsumesalltheoxygen
andthehydrocarbondoesnotburnatall. .“
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. Effectivehydrogen-carbonratio.- Therelativechangeinthecom-
bustionefficienciesofthehydrogenandcarbonwhen=-3 fuelisburned
alonechangedtheratioofhy-tiog=nto carbonthatwasutilizedinthe
combustion.

Theeffectivehydrogen-carbonratiois&finedas

(H/C)eff=~‘H (H/C)

Figure8 showsthat (H/C)effincreasedtithequivalenceratiofor
therangeofthedata.Thesametrendappearsinthecurveof (H/C)&f
against~ thatwascomputedfromdatagiveninreference6. Inthis
investigationaviationgasolineanddieselfuelswereusedto run several
pistonenginesandthee~austproductsweresampledandanalyzed.The
H/C ratiosof JP-3fuelandthefuelsusedinreference6 arerepre-
sentedby thedashedlines.

Heatof combustionperpoundof air.- Theneteffectofthedif-
ferentconibustionefficienciesofthefuelcomponentsontheheat
releasedby combustionperpoundof airis showninfigure9 as a func-

. tionof equivalenceratio.Thethreemagnesiumslurriesarecompsred
infigure9(a).Thesmallerparticlesizeofthemetalinthesuperfine-
ms.gnesiumslurrygavea substantialincreaseinheatreleasedperpound* ofair. Thestabilizingadditivereducedtheheatreleasedatricher
thanstoichiometricmixtures.

Infigure9(b)thesuperiorityofthecrystallineboronoveramor-
phousboronin slurriesis shown.Thehigherconibustionefficiencyof
thecrystallineboroncanbe attributedto itshigherpurityandsmaller
particlesize.

The50-percent-superfine-magnesiwslurry,30-percent-crystalline-
boronslurry,sndJP-3fuelaxecomparedinfigure9(c).Alsoshownare
theheatsreleasedby conibustionforeachofthefuelsforequivalence
ratiosup to 1.0at 100-percentcombustionefficiency.

Theidealmaximumheatingvaluesperpmmd ofairshowninthefig-
urewerefoundforeachof thefuelsby computingtheeqtival.enceratio
andcorrespondingidealheatingvalueyerpoundofairatwhichthe
componentofhighestheatingvalueper~oundof airisburnedto comple-
tionandconsumesalltheoxygen.Theremainingfuelcomponentswere

. assumedtobehaveas inertdiluentsandeffecta temperaturereduction
by theirheatcapacity

.

was
ing

Theheatreleased
increasedoverthe
thefuel-airratio

andphasechanges.

by combustionperpoundof airofallthefuels
valuesatan equivalenceratioof1.0by increas-
abovestoichiometric.Theexperimentalmaximum
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heatingvaluesforJP-3fueland30-percent-crystalline-boronslurry
occurredatequivalenceratiosof 1.2and1.4,respectively.Thee~er-
imentalmaxim&value
apparentlybeyondthe

Several.slurries

forthe50-percent-superffie~magnesiumslurrywas
rangeof theexperimentaldata.

SIMMiRYOFRESULTS

wereinvestigatedtoexplorethecharacteristics
ofmetal-h~ocarboncombustion,to determine-theeffectoffuel-air
ratioont~ combustionei?ficie~cyjand.to determinehowthemetaland
hydrocarbonseparatelycontributetotheover-allconibustion.Thefol-
lowingresultswereobtained:

1.Theco?ibustionefficiencyofmagnesiumpowdersinslurrieswas
unaffectedby oxygendepletionasfuel-airratiowasincreasedabove
stoichiometrictoanequivalenceratioof 1.6J.whereast~ combustion
efficiencyof thehydrocarbondeclinedrapidly.

2.Withtheboronslurriestheomen deficiencyintherichregion
wasreflectedin combustionefficienciesthatwerereducedstmilwrlyfor
theboronandhydrocarbon. ,--- .-

3.Fortherangeoftheexperimentaldatatheratioofmetalto
slurryeffectivelyutilizedintheconibustionoftheslurrieswashigher
at richmixturesthanat leanmixtures;theeffectiveheatingvalueper
poundofairwascorrespondinglyhigherintherichregion.

4.Theheatreleasedbyconibustionperpoundof airofallthe
fuelswasincreasedoverthee~erimentalvaluesat anequivalenceratio
of 1.0by increasingthefuel-airratioabovestoichiometric.

5.Theslurrywiththefinermagnesiumpowderhada highercombus-
tionefficiencythantheslurrywiththecoarserpowder.

6.Theadditionof gellingagentusedtoreducethesettlingten-
dencyof slurryfuelsreducedthecombustionefficiencyofthehydro-
carboninthe50-percent-magnesiumslurry.

7.Thecrystallineboronhada higherconibustionefficiencythan
theamorphousboron.

8.Thecombustionprodtictsofthemetalcomponentofmagnesiunand
boronslurriescontaineda negligibleamountofnitrides. ,_

.
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CONCLUSIONS

1. Metal- hydrocarbonslurriesofmagnesiumad boroncanbe
burnedwiththemetslburningaboutasefficientlyasthehydrocarbon.

2.Withhydrocarbonsuspensionsofmetalsas activeas finemagne-
siumpowder,themetalwillburnpreferentiallyto thehydrocarbonin
oxygendeficientatmospheres.

N1+mw
LewisFlightPropulsionLaboratory

NationalAdvisoryCommitteeforAeronautics
Cleveland,Ohio,Deceniber26,1951
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